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MEMS-Based Photonics  
 
 
Abstract 
 
Silicon-based photonic MEMS (Micro-ElectroMechanical Systems) modulate light  by 
displacing microoptical elements such as micromirrors, microlenses, and large arrays of 
such elements. Applications are in astronomy, display, and telecommunication. 
 
1. Introduction and Devices 
 
Small photonics systems require accurately displaceable micro-optical elements such as 
micromirrors, microlenses and gratings. Typical applications and systems are tunable 
cavities (interferometers, lasers, filters, etc), beam manipulating devices, e.g. scanners 
and deformable mirrors for adaptive optics, fiber-laser couplers, and spectrometers. In 
these configurations MEMS devices are often used as suitable solutions. Recent 
developments have shown that MOEMS-based devices can provide a high level of 
optical flatness at rest and dynamic positioning. The conference talk will show several 
applications and devices. In this abstract we show two basic devices as demonstrators. 
 
A. Tip-tilt Micromirror 
 
In tunable optical cavities, the tunable 
element can be a micromirror. The 
mirror needs to be extremely flat and to 
be displaced very precisely. We have 
designed and fabricated a compact 
accurately controlled piston tip-tilt 
micromirror, which shows extreme 
optical flatness and large tunability of 
almost 20µm mechanical stroke. The 
inner circle of the triangular micromirror 
has a diameter of 1mm. The platform is 
glass 
wedge error 
correction 
dust 
Si 
Si 
3D actuator 
actuated by asymmetric vertical comb-drive actuators. The actuation voltage is about 
50V. There are three actuators integrated in the platform, one on each side of the 
triangle. Thus a full 3D movement can be created for very small tilt variations, which are 
essential for compensating tilting errors in optical cavity systems [1]. 
 
B. High Fill-Factor Micromirror Array 
 
Multi-object spectrographs (MOS) help increasing the scientific efficiency of 
astronomical observations by recording simultaneously the spectra of hundreds of 
objects. They require a programmable slit mask in the focal plane of the telescopes for 
the object selection. We present a MEMS-based approach that utilizes a micromirror 
array as a reflective slit mask for next generation MOS, which was developed in 
collaboration with the LAM in Marseille. The objects are selected by tilting the 
micromirrors, which send the incoming light towards the spectrograph. The micromirrors 
are very flat, measure 100x200µm2 and provide a mechanical tilt of 20°. The array has a 
very large fill factor of over 90%. The micromirrors and their package were tested 
mechanically and optically at a temperature of 92K, which is necessary for mid-infrared 
applications, and showed no degradation in this cryogenic environment [2]. 
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